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12 caused by the heat generated within the chamber 1. 
COPYRIGHT: (C) 1997, JPO 



(19) 




JAPANESE PATENT OFFICE 



PATENT ABSTRACTS OF JAPAN 

(11) Publication number: 09275092 A 

(43) Date of publication of application: 21 , 10 . 97 



(51) Intel H01L 21/3065 




(21) Application number 08110179 


(71) Applicant: 


SONY CORP 


(22) Date of filing: 05 . 04 . 96 


(72) Inventor: 


KUBOTA SHINJI 



(64) PLASMA PROCESSOR 

(67) Abstract: 

PROBLEM TO BE SOLVED: To facilitate the work of 
cleaning the inside of a plasma processor, and also, 
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SOLUTION: A plasma processor is equipped with a 
chamber 1 where a wafer 4 to be the target of processing 
is stored, a turbo molecular pump 2 and a dry pump 3 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed description] 
[0001] 

[The technical field to which invention belongs] this invention relates to plasma-treatment equipment. It is 
related with the cooling structure of protection wall material prepared in the interior of a chamber of plasma- 
treatment equipment in detail. 
[0002] 

[Prior art] Generally, plasma-treatment equipment is equipped with the chamber in which the substrate used as a 
processing object is stored, the pump which exhausts the interior of this chamber, and an electrode means to 
plasma-ize the gas for processing introduced into the interior of this chamber, to irradiate a substrate, and to 
process a request. The plasma-treatment equipment which has such structure is used abundantly in the 
semiconductor process etc. For example, it is used for etching processing of the silicon oxide ****ed on the 
silicon wafer. A plasma is irradiated, using as a mask the photoresist by which patterning was carried out, it 
etches alternatively and a silicon oxide is removed. In this case, the plasma-treatment equipment equipped with 
parallel monotonous type electrode structure is used. In etching processing of a silicon oxide, in order to secure 
the selectivity with the silicon layer of a substratum, CHF3, CF4, C4F8, etc. are chosen as gas for processing. 
These gas for processing generates the polymer expressed with CxFy in the process of plasma-izing. 
[0003] 

[Object of the Invention] This polymer adheres to all the locations in the vacuum housing including the wall 
surface of a chamber as the etching processing number of sheets of a wafer increases. If the thickness of the 
polymer adhering to this wall surface increases in proportion to the processing number of sheets of a wafer and 
reaches a certain thickness, it will exfoliate from a wall surface and will cause dust occurrence. For this reason, 
you have to remove the polymer adhering to the wall surface for every predetermined wafer processing number 
of sheets. Now, in the mass-production process of a semiconductor, elimination work of this polymer is needed 
several days of every. Increase of the working hours spent on this chamber cleaning has the technical probrem 
that it leads to a fall of a productivity. 

[0004] , ^ 

[The means for solving a technical problem] The following meanses were provided m order to solve the 
technical probrem of a Prior art mentioned above. That is, it has an electrode means to plasma-ize the chamber 
in which the substrate from which such plasma-treatment equipment serves as a processing object as a 
fundamental configuration is stored, the pump which exhausts the interior of this chamber, and the gas for 
processing introduced inside this chamber to this invention, to irradiate it at this substrate at it, and to process a 
request. Protection wall material and the cooling means are established as a characteristic feature matter. The 
aforementioned protection wall material is attached possible [ exchange ] through the predetermined void along 
with the wall of this chamber. The aforementioned cooling means suppresses skin-temperature elevation of the 
protection wall material resuhing from the heat which introduced the gas for cooling into this void, and 
occurred in this chamber. Preferably, the aforementioned cooling means introduces the gas for cooling chosen 
from helium, an argon, nitrogen, and oxygen. Moreover, the aforementioned protection wall material consists of 
the insulating matter which consists of a quartz or a ceramic preferably. Or the aforementioned protection wall 
material may consist of the conductive matter chosen from silicon, a silicon carbide, carbon, and the aluminum 
containing alloy. The aforementioned electrode means is an parallel monotonous type containing the lower 
electrode which lays this substrate, and the up electrode which carried out opposite arrangement at this still 
preferably. This up electrode is attached possible [ exchange ] through the predetermined void along with the 
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heavens upper wall of this chamber, and the aforementioned cooling means introduces the gas for cooling also 
into this void. 

[0005] According to this invention, protection wall material (the 2nd wall) is installed along with the wall (the 
1st wall) of a chamber. Even if a polymer deposits on the front face of this 2nd wall, the polymer in a chamber 
is easily removable by exchanging the 2nd wall. According to this stnicture, the working hours of chamber 
cleaning can shorten sharply. By the way, the void exists between the 1st outside wall and the 2nd inside wall. 
Temporarily, if this void is kept being the same as that of the interior of a chamber in the high-vacuum status, 
heat transfer between the 1st wall and the 2nd wall will be checked. The heat which occurred inside the 
chamber is accumulated on the front face of the 2nd wall, and a temperature rise is caused as the processing 
number of sheets of a substrate increases. Change of a process arises in connection with this skin-temperature 
elevation. In order to prevent this, in this invention, skin-temperature elevation of the protection wall material 
resulting from the heat which introduced the gas for cooling into the void between the 1 st wall and the 2nd wall, 
and occurred in the chamber is suppressed. Thereby, the stability of a plasma treatment is securable 
[0006] 

[Gestah of implementation of invention] With reference to a drawing, the optimum enforcement gestalt of this 
invention is explained in detail below. E)rawing 1 is the ** type view showing a whole such plasma-treatment 
equipment configuration in this invention. This plasma-treatment equipment is equipped with the chamber 1 
made from the aluminum containing alloy as a vacuum housing. This chamber 1 is exhausted with a turbo 
molecular pump (TMP) 2 and the dry pump (DP) 3, and the interior can be held to the vacuum of about 13-270 
[Pa], Here, the wafer 4 which consists of siHcon is laid on the lower electrode 5 made by the aluminum 
containing alloy as a substrate used as a processing object. The lower electrode 5 is insulated electrically [ a 
chamber 1 ] with the insulators 6, such as a ceramic. Moreover, the RF (for example, 13.56MHz) is impressed 
to the lower electrode 5 by RF generator 0. On the other hand, the up electrode 7 is installed so that it may 
counter with-a wafer 4. As quality of the material of the up electi'ode 7, although it changes with content of a 
process, such as etching, carbon, silicon, an aluminum containing alloy, etc. are usually used. Besides, 
electrically, the section electrode 7 is grounded with a chamber 1 and this potential. The gas for processing is 
supplied from the gas supply spool 8, and is introduced in a chamber 1 from the hole of the masses which 
carried out opening to the front face of the gas shower head 9 with which the front face of the up electrode 7 
was equipped. In a chamber 1, a plasma 10 occurs according to the interaction of the RF and the gas for 
processing which were impressed to the lower electrode 5. By irradiating this plasma 10 on the front face of a 
wafer 4, etching etc. processes a request. In order to prevent the temperature rise of a wafer 4 by the ion 
bombardment from a plasma 10 etc., the gas for cooling is introduced from the electrode pore 1 1 prepared in the 
lower electrode 5 located in the rear- face side of a wafer 4. As this gas for wafer cooling, helium (helium) is 
usually introduced. 

[0007] Inside a chamber 1 , the cylinder-like protection wall material 1 2 is installed possible [ exchange ]. The 
gas for wall surface cooling is introduced into the void which exists between the 1 st wall by the side of a 
chamber 1, and the 2nd wall by the side of the protection wall material 12 from the gas supply spool for cooling 
13. O ring 14 is ****ed by the void in order to make high the pressure of the gas for cooling introduced into this 
void compared with the inside of a chamber and to prevent the defluxion to the chamber of the gas for wall 
surface cooling. Furthermore, the pressure gage (P) 15 and the flow CQhtroller (MFC) 16 are foimed in order to 
control uniformly the pressure of the gas for wall surface cooling in the void between the 1 st wall and the 2nd 
wall. What is necessary is just to use the best helium (helium) of thermal conductivity as gas for wall surface 
cooling. However, the same effect is acquired also by the other gas for cooling (for example, an argon (Ar), 
nitrogen (N2), oxygen (02), etc.). Moreover, as a pressure of the gas for wall surface cooling, it is usually set as 
1330 [Pa] grades. On the other hand, as protection wall material 12, the insulating matter which consists of a 
quartz or a ceramic, for example can be used. Or it can choose from silicon, a silicon carbide (SiC), carbon, an 
aluminum containing alloy, etc. 

[0008] As explained above, it has the lower electrode 5 and the up electrode 7 of the couple which such plasma- 
treatment equipment plasma-izes the chamber 1 in which the wafer 4 which serves as a processing object as a 
fundamental configuration is stored, the turbo molecular pump 2 and the dry pump 3 which exhaust the interior 
of a chamber 1, and the gas for processing introduced inside a chamber 1 to this invention, irradiates a wafer 4 
at it, and processes requests, such as etching. As a characteristic feature matter, it has the protection wall 
material 12 and the gas supply spool for wall surface cooling 13. The protection wall material 13 is attached 
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13 suppresses skin-temperature elevation of the protection wall material 12 resulting from the heat which 
introduced the gas for cooling into this void, and occurred in the chamber I . 

[0009] Next, an operation of such plasma-treatment equipment is explained to this invention in detail. Although 
it is applicable to various semiconductor processes, this plasma-treatment equipment makes an example the 
etching process of the oxide film ****ed by the front face of a wafer 4 here, and is explained. As shown in 
drawing 2 , a mask 42 is formed so that the oxide film 41 first ****ed by the front face of a wafer 4 may be 
covered with a usual oxide-film etching process. This mask 42 carries out exposure development of the 
photoresist, and is obtained. This wafer 4 is introduced in a chamber 1, a plasma is irradiated, and the etching 
elimination of the oxide film 41 is carried out through a mask 42. Plasma irradiation is suspended in the place 
which the substratum (silicon) exposed. As processing conditions of this oxide-film etching, the quantity-of- 
gas-flow ratio is set as 50 / 30/500 [SCCM], for example, using the mixture of gas of CHF3 / CF4/Ar as a type 
of gas for processing. Moreover, a chamber pressure is set as 5.3 [Pa], the power of a RF (13.56MHz) is set as 
1400 [W], and susceptor temperature is set as 20 [**]. With the conventional plasma-treatment equipment, if 
the etching processing number of sheets of a wafer increases, a polymer will deposit on the whole wall of a 
chamber. If this deposit becomes thicker than a certain thickness, it will exfoliate, and it becomes the cause of 
occurrence of dust. Then, it had to wipe off with the cloth into which the atmospheric-air release of the chamber 
was conventionally carried out several days of every, and alcohol was infiltrated. Usually, this cleaning work 
took about 6 hours, and the throughput of equipment was reduced. On the other hand, with such plasma- 
treatment equipment, the easy protection wall material of the exchange with the wall of a chamber is installed in 
this invention. The polymer sediment of a chamber wall could be removed by exchange of protection wall 
material, and cleaning working hours have been shortened in 3 hours of the conventional abbreviation half 
[0010] Drawing 3 is a graph which shows the relation between the skin temperature of protection wall material, 
and the processing time. The graph shows the skin-temperature change in the case of gas-cooling-method owner 
*♦ to a wall surface, and the case of having no gas cooling method for the comparison. Although the skin 
temperature of protection wall material is changed for every injection of a wafer and taking out also in what **, 
if it sees on the whole, while being maintained at abbreviation regularity, when you have no wall surface gas 
cooling method, as for the skin temperature of protection wall material, in wall surface gas-cooling-method 
owner **, the skin temperature of protection wall material will rise as the processing number of sheets of a 
wafer increases and the processing time passes, if no measures are taken with the structure which incorporated 
protection wall material along with the chamber wall according to this invention ~ the void between protection 
wail material and a chamber - the interior of a chamber, and abbreviation - it will be in the same high-vacuum 
status, and heat transfer between protection wall material and a chamber becomes bad Therefore, when not 
performing a wall surface gas cooling method, as shown in the graph of drawing 3 , the skin temperature of 
protection wall material rises to about 300 degrees C by irradiation of a plasma. Since change of this skin 
temperature gives change to the amount of the polymer adhering to protection wall material etc., it influences an 
etching process greatly. On the other hand, by introducing the gas for cooling of a pressure higher than the 
interior of a chamber into the void between protection wall material and a chamber according to this invention, 
heat transfer between protection wall material and a chamber is made by this gas for cooling, and as shown m 
the graph of drawing 3 , skin-temperature change of protection wall material is suppressed. 
[001 1] Drawing 4 is a graph which shows the relation between the etching rate of an oxide film, and etching 
processing number of sheets. Change of the oxide-film etching rate in the case of gas-cooling-method owner 
of a wall surface and the case of having no gas cooling method is expressed for the comparison. When he had 
no gas cooling method, the etching rate of an oxide film was affected by elevation of wall surface temperature, 
the etching rate decreased with the increase in etching processing number of sheets, and it became the very 
unstable process. Change of this wall surface temperature has a bad influence on the factor of various Processes, 
such as a selection ratio, homogeneity, and an etching configuration, besides an etching rate. On the other hand, 
if a gas cooling method is performed, in order that the skin temperature of protection wall material may be 
stable, as shown in the graph of drawing 4 , the stability of the etching rate of an oxide film improves. 
[0012] Drawing 5 is the typical fragmentary sectional view showing the modificaUon of such plasma-treatment 
equipmem in this invention. In this modification, the gas-cooling-method system is applied to the up electrode^ 
The up electrode 17 is being fixed to the head lining wall which consists of chamber base metal 19 by the fixed 
unit 18. The gas for processing is supplied to the interior of a chamber from the gas supply unit 20. On the other 
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hand, in order to supply the gas for cooling to the void between the up electrode 1 7 and the chamber base metal 
19, as for the gas supply unit for processing 20, the gas supply unit for cooling 21 is installed independently. 
With this structure, the up electrode 17 is attached by the fixed unit 18 possible [ exchange ] through the 
predetermined void in accordance with the head lining wall of a chamber. In order to separate this void from the 
interior of a chamber, O ring 22 intervenes between the chamber base metal 19 and the up electrode 17. Not 
only the skin temperature of protection wall material but the skin temperature of the up electrode 17 is stabilized 
by such configuration. 
[0013] 

[Effect of the invention] As explained above, according to this invention, along with the wall of a chamber, 
protection wall material is attached possible [ exchange ] through the predetermined void. Since this protection 
wall material is easily exchangeable, affixes, such as a polymer deposited on the front face of the protection 
wall material in a chamber, are easily removable with exchange of protection wall material, and the cleaning 
working hours of plasma-treatment equipment can be compared with the former, and can be reduced by half 
Moreover, according to this invention, it is supplying the gas for cooling to the void between the wall of a 
chamber, and protection wall material, and the temperature rise by the plasma of a protection wall material front 
face can be prevented, and it is possible to improve notably the stability of the process which used plasmas, 
such as etching processing, by this. 



[Translation done.] 
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